Healthy social relationships are linked to myriad positive physical and mental health outcomes, raising the question of how to enhance relationship formation and quality. Behavioral data suggest that theory of mind (ToM) may be one such process. ToM is supported by a network of brain regions including the temporo-parietal junction (TPJ), medial prefrontal cortex and precuneus (PC). However, little research has investigated how the ToM network supports healthy social relationships. Here, we investigate whether recruitment of the ToM network when thinking about the mental states of one's romantic partner predicts the partner's well-being. We find that selectivity in left TPJ (LTPJ) and PC for beliefs vs physical attributes of one's partner is positively associated with partner well-being the day of and day after a meaningful encounter. Furthermore, LTPJ and PC selectivity moderated how the partner's perception of being understood during the encounter affected their later well-being. Finally, we find the association between ToM-related neural selectivity and well-being robust to other factors related to the relationship and the encounter. Together, these data suggest that selective engagement of the neural network supporting ToM may be a key ingredient for the development and maintenance of healthy romantic relationships.
Introduction
Human beings are exceptionally social animals. We thrive in social relationships and wither in isolation. Specifically, the extent of social connection, or lack thereof, is associated with mortality (House et al., 1988; Holt-Lunstad et al., 2010) , physical illness (Cohen et al., 1997; Uchino, 2006; Umberson et al., 2010) , psychiatric illness (Kessler et al., 1985; Coyne and Downey, 1991; Matheson et al., 2013) , subjective well-being (VanderWeele et al., 2012) and neurobiological, cognitive and immunological function (Eisenberger and Cole, 2012; Cacioppo and Cacioppo, 2014; Cacioppo et al., 2015) . These associations are particularly robust in the context of romantic relationships (Loving and Slatcher, 2013) , which for many adults are the central and most enduring social relationship. Clearly, relationships are linked to a variety of important outcomes, raising the question of how to enhance relationship formation, maintenance and quality.
One process that influences relationship quality is theory of mind (ToM), the process by which we attribute and reason about the mental states of others. Whether in the service of expressing empathy for a romantic partner (Franzoi et al., 1985; Davis and Oathout, 1987; Long and Andrews, 1990; Long, 1993; Cramer and Jowett, 2010; Cohen et al., 2012) , negotiating with others at the bargaining table (Galinsky et al., 2008) , or in other social contexts (Goldstein et al., 2014) , ToM is associated with positive relationship outcomes, including increasing liking of and prosocial behavior toward the individual engaging in ToM.
ToM relies on a network of brain regions including temporoparietal junction (TPJ), medial prefrontal cortex (MPFC) and precuneus (PC) (Saxe and Kanwisher, 2003; Van Overwalle, 2009; Mar, 2011; Schurz et al., 2014) -often referred to as the ToM network. However, there are little data showing that engagement of this network predicts anything about social relationships in real life, leaving the route from brain to behavior largely unmapped. Previous research has shown that the structure and function of the ToM network, in healthy and schizophrenia samples across the lifespan, are associated with ToM performance on laboratory assessments (Hooker et al., 2011; Gweon et al., 2012; Dodell-Feder et al., 2014b; Rice and Redcay, 2014) , as well as self-reported and observer reported tendency to engage in perspective-taking and empathy (Hooker et al., 2008 (Hooker et al., , 2010 Dodell-Feder et al., 2014b) . Experience sampling methods, such as daily diary questionnaires, are a particularly useful way of getting at these relations as they provide a more ecologically valid and nuanced assessment of ToM engagement in daily life. For example, in Dodell-Feder et al. (2014a) , participants completed a functional magnetic resonance imaging (fMRI) ToM task and then reported on their social behavior in a daily diary questionnaire every evening for 28 days. Results showed that neural selectivity for mental state information in bilateral TPJ and MPFC during the fMRI task predicted daily reports of ToM engagement, social motivation and enjoyment of socializing. Other studies using experience sampling methods have revealed similar brain-behavior relationships, for example, between empathy-related activity in MPFC and prosocial behavior (Masten et al., 2011; Rameson et al., 2012) , and neural activity in dorsal (D)MPFC when viewing social scenes and time spent around other people (Powers et al., 2015) .
Though these preliminary studies suggest that engaging the ToM network to understand others supports social behavior and relationships, many questions remained unanswered. For example, though engagement of the network may support perspective-taking, empathy and prosociality, it is unclear how this may affect social partners, and in what ways it might support healthy relationships. Though studies have shown that an individual's neural response tracks with their own behavior (Masten et al., 2011; Rameson et al., 2012; Dodell-Feder et al., 2014a) , few if any studies have examined how an individual's neural response affects another individual's behavior or social experience, and whether this has any impact on more global and consequential outcomes such as well-being. Furthermore, almost nothing is known about how engagement of the ToM network supports romantic relationships in particular. If recruitment of the ToM network is linked to positive relationship outcomes, it would suggest that selective engagement of ToM network during social interaction would be one way of improving the quality of relationships, allowing couples to better reap the physical and mental health benefits of having a romantic partner.
Elucidating the neural mechanisms subserving ToM in the context of relationships may be beneficial for several other reasons. Though several behavioral studies have shown that a partner's perception of ToM engagement (e.g. perceived empathic understanding or perspective-taking) by the participant is related to relationship satisfaction (Long and Andrews, 1990; Cramer and Jowett, 2010; Cohen et al., 2012) , it remains a challenge to tease apart putative ToM-related behavior from the underlying processes engaged by the participant. More specifically, partners may perceive a variety of behaviors as indicative of ToM (e.g. head nodding), when in only some instances these behaviors reflect actual engagement of brain regions that support ToM (e.g. head nodding while considering one's partner's perspective vs head nodding while thinking about what to eat for dessert). Only when individuals actually engage ToM-related regions would we expect an appropriately supportive and empathic response that translates to better outcomes for partners. Furthermore, the partner's perception of ToM engagement by the individual may be unduly influenced by many nonToM-related intrapersonal factors such as the partner's neuroticism, self-esteem and security in one's relationship. Beyond how social partners perceive ToM engagement, attempts to measure actual ToM ability are often hindered by behavioral measures that heavily tap non-social cognitive processes (e.g. working memory) concomitant with mental state reasoning, and/or exhibit a lack of sensitivity to individual differences (see Dodell-Feder et al., 2013 and Rice and Redcay, 2014 for discussions). Thus, neural measures may provide a clearer window into the processes that are actually engaged during meaningful encounters with one's partner.
Here, we investigate how recruitment of the ToM network supports romantic relationships. More specifically, we ask whether the participant's selective engagement of the ToM network for mental vs physical information, as measured by a laboratory-based fMRI task, is related to their partner's wellbeing-a construct that has significant implications for physical and mental health (Diener and Chan, 2011; Boehm and Kubzansky, 2012) . We test this question by looking at the relationship between ToM-related neural activity and partner wellbeing after a meaningful interpersonal encounter. To address this question, individuals in romantic relationships underwent fMRI while judging statements regarding the beliefs, affective states, or physical attributes of their romantic partner, a close friend, or themselves. This design allowed us to investigate recruitment of the network using personalized stimuli that are more likely to capture ToM processes as they occur in vivo with their romantic partner. Using a 3-week daily diary questionnaire, romantic partners reported on their well-being, and how much they perceived the participant to understand their thoughts and emotions during a meaningful encounter (henceforth, 'perceived understanding'). Measuring these constructs every day for 21 days provides an ecologically valid, reliable and stable measure of each phenomenon that is less subject to memory biases, and amenable to characterizing dynamic temporal associations between the processes of interest (Bolger et al., 2003; Myin-Germeys et al., 2009) . We specifically looked at well-being in the context of meaningful encounters (e.g. a conflict or discussion of personally relevant issues) because this is, in theory, when ToM would be most important and have the most impact on the partner. Both individuals from a dyad participated in the fMRI and diary portion of the study serving as both a participant (i.e. contributing fMRI data) and partner (i.e. contributing daily diary data).
Based on neuroimaging data demonstrating positive associations between selectivity for mental state information in the ToM network and adaptive social processes (e.g. perspective-taking, empathy, prosociality) (Hooker et al., 2010; Masten et al., 2011; Gweon et al., 2012; Rameson et al., 2012; Dodell-Feder et al., 2014a) , and behavioral data demonstrating a relation between ToM (i.e. the perception of being understood) and positive relationship outcomes among romantic couples (Long and Andrews, 1990; Cramer and Jowett, 2010; Cohen et al., 2012) , we predicted that selectivity for mental states vs physical attributes of one's partner would be positively associated with the partner's wellbeing after a meaningful encounter. In addition, as an exploratory analysis, we investigated the relation between perceived understanding, ToM-related neural selectivity and well-being. (M relationship length ¼ 40.9 months, s.d. ¼ 34.3, range ¼ 6-113) for at least 3 months participated in the study. All participants were right-handed, English speaking and had normal or corrected-to-normal vision. Exclusion criteria included head trauma, IQ < 70, use of psychotropic medication, neurological disorder, or current Axis I DSM-IV disorder as assessed with the MINI International Neuropsychiatric Interview (Sheehan et al., 1998) . Of the 17 couples (N ¼ 34) that came to the lab to participate, two couples (n ¼ 4) were excluded for a current Axis I disorder, and one individual was excluded just prior to the scan due to an MRI contraindicator.
Methods

Participants
Of the 29 participants that contributed fMRI data, 6 were excluded for not completing at least 14 of the 21 days of the diary, and the participant whose partner had an MRI contraindicator withdrew from the study. 
Relationship satisfaction
Participants completed the Relationship Assessment Scale (RAS; a ¼ 0.73) (Hendrick, 1988 ), a seven-item self-report measure of relationship satisfaction in which participants answer questions using a 1 (low satisfaction) to 5 (high satisfaction) scale (e.g. 'In general, how satisfied are you with your relationship?'). Mean RAS score was 32.1 (s.d. ¼ 2.9, range ¼ 26-35) indicating high relationship satisfaction in our sample.
fMRI task
In the scanner, participants judged how much they agreed with a series of statements that described either the beliefs, affective states, or physical characteristics of one of three targets: romantic partner, close friend (identified by the participant prior to scanning) or self (see Supplementary Data for a complete list of stimuli). Physical statements served as the control condition as they involved people, but did not contain mental states (i.e. beliefs or emotions). fMRI data from the self-condition were not analyzed for the purposes of this experiment and will not be discussed further. Versions of this task have been used previously to isolate ToM-related activity for the self, close others and distant others (Mitchell et al., 2006; Jenkins et al., 2008) . One other study using this task has demonstrated that selectivity for mental state information is associated with social impairment in autism (Lombardo et al., 2011) .
During each trial, participants saw the name of the target to be rated, a statement and the response scale (1 ¼ not at all, 4 ¼ definitely) concurrently on the screen during which they made their response. Statements were presented in a block design where participants rated one target on one attribute type in each block (e.g. Partner Belief). Belief, affective and physical statements were matched on number of words and Flesch reading ease level (Flesch, 1948) . Participants rated a total 35 statements per condition, which were randomly presented in each block. Blocks were presented in one of two pseudo-randomized orders.
One block per condition was presented in each of seven functional runs. Each 22.5 s block consisted of five statements, which appeared on the screen for 4 s each and was separated by a 0.5 s ITI. Blocks were followed by 12 s of fixation on a center cross.
Stimuli were presented in white text on a black background with Matlab 7.6 using Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997) .
fMRI task performance. We derived an accuracy score by evaluating the correspondence between the participant's and their partner's ratings during the task. Specifically, we calculated the absolute mean difference between the participant's rating and partner's rating of the same statements such that scores closer to 0 represent greater accuracy, with possible scores ranging from 0 to 3. This was performed separately for the Belief and Affective statements.
fMRI data acquisition and analysis
Data were acquired on a 3T Siemens Tim Trio scanner with a 12-channel head coil at Harvard University's Center for Brain Science. An anatomical image was acquired using a T1-weighted multi-echo MPRAGE sequence (176 sagittal slices, 1 Â 1 Â 1 mm voxels). Functional data were collected with echoplanar images (126 volumes per run) in the axial plane with whole-brain coverage (40 slices, 3 Â 3 Â 3 mm voxels, TE/TR/flip angle ¼ 30 ms/2560 ms/85
).
Data were preprocessed and analyzed with SPM8 (http:// www.fil.ion.ucl.ac.uk/spm/) in the following steps: realignment of the functional data to the mean functional image, coregistration of the anatomical image to the mean functional image, normalization to MNI-template space and smoothing with a 6 mm FWHM Gaussian kernel.
Individual participant effects were estimated using a general linear model. Effects were estimated for each condition (i.e. Partner Belief, Partner Affective, Partner Physical, Friend Belief, Friend Affective, Friend Physical). The six motion parameters estimated during realignment and session mean were included as covariates of no interest. Hemodynamic response was modeled at the onset of each condition for the block duration and convolved with the canonical hemodynamic response function. Data were high-pass filtered at 128 s. Contrasts were created within each participant for Partner Belief > Partner Physical, Partner Affective > Partner Physical, Friend Belief > Friend Physical and Friend Affective > Friend Physical.
Individual participant contrasts were submitted to second level group analyses where each participant was treated as a random effect. To isolate ToM-related neural activity for one's partner, we conducted whole-brain one-sample t-tests for Partner Belief > Partner Physical and Partner Affective > Partner Physical. To isolate ToM-related neural activity for one's close friend, we conducted the same analysis for Friend Belief > Friend Physical and Friend Affective > Friend Physical. Finally, we evaluated whether selectivity for mental states differed for Partner vs Friend by conducting a paired-samples t-test for (Partner Belief > Partner Physical) <> (Friend Belief>Friend Physical). These contrasts were thresholded at P < 0.001 and FWE-corrected at the cluster-level to P < 0.05 using the CorrClusTh tool (http://www-personal.umich.edu/$nichols/ JG5/CorrClusTh.m). Beta values were extracted from significant clusters in TPJ, MPFC and PC that were revealed in these contrasts, representing ToM-related neural activity for either partner or close friend, and used in all subsequent analyses. fMRI data from all participants with fMRI data (N ¼ 29) were used to identify TPJ, MPFC and PC in order to get the best localization of brain regions recruited during Partner and Friend-related ToM.
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All other analyses used data from the 22 participants who had complete fMRI and daily diary data.
Daily diary
Following the scan, participants completed an online daily diary between 5 P.M. and 3 A.M. for 21 days. Questions assessed wellbeing as the primary outcome variable (Table 1 ). In accordance with previous research on well-being (e.g. Reis et al., 2000) , this construct was designed to tap aspects of autonomy (e.g. 'I felt in control of my life'), competency (e.g. 'I was confident in my abilities'), esteem (e.g. 'I felt good about myself today'), general life satisfaction (e.g. 'I felt content with my life today'), clarity/certainty in one's life (e.g. 'Today I felt like I had a clear sense of who I am and what I want in my life'), and social satisfaction and support (e.g. 'I felt supported,' 'I felt accepted'). We were specifically interested in well-being after meaningful encounters with partners in which ToM skills would be most important and most likely to have an effect on partner well-being. Thus, participants were also asked whether they had a meaningful encounter with their partner that day (i.e. 'Did you have a meaningful or emotional interaction, disagreement, or conflict with your partner today?'). If so, participants were asked to provide information regarding the nature of the encounter, specifically the extent to which the participant would describe the encounter as a conflict or disagreement, and the extent to which the participant felt distressed about the topic of the encounter (see Supplementary Data). Finally, as a measure of perceived understanding, participants were asked to report how much they thought their partner understood their thoughts and feelings during the encounter (e.g. 'Was your partner able to see things from your eyes or from your point of view?'). If a participant experienced more than one meaningful encounter with their partner that day, they were asked to report on the 'most important or memorable interaction.' All items were rated on a 5-point scale from 1 (not at all) to 5 (extremely).
Analysis of fMRI and daily diary data
Diary data had a hierarchical structure such that diary day was nested within participant and participant was nested within couple. To account for this structure and the non-independence between observations within participant, and participants within couple, we analyzed the fMRI and daily diary data with multilevel models (Hox, 2002) using the nlme package (Pinheiro et al., 2014) in R (R Core Team, 2013) .
We tested the hypothesis that ToM-related neural selectivity for one's partner would predict partner well-being the day of a meaningful encounter and the day after a meaningful encounter. Separate multilevel models were conducted that included neural selectivity in a single region-of-interest (ROI) identified from the whole-brain analysis for either partner (e.g. Partner Belief > Partner Physical) or friend (e.g. Friend Belief > Friend Physical) as the predictor variable. As the outcome variable, we used well-being the day of the encounter (i.e. 'same-day' wellbeing), and in separate models, well-being the day after the encounter (i.e. 'next-day' well-being). We examined next-day well-being for several reasons. First, it allowed us to test whether the effect of neural activity on well-being had a lasting influence that extended into subsequent days. Second, because perceived understanding is confounded with same-day wellbeing (i.e. well-being may influence perceived understanding rather than the reverse), it allowed us to evaluate the effect of perceived understanding on subsequent well-being. To reduce the number of tests performed, in all subsequent models, we used only data from ROIs demonstrating a significant simple relation with well-being.
We then evaluated the associations between perceived understanding, ToM-related neural selectivity and well-being. First, we tested whether similar to behavioral findings, perceived understanding predicted well-being. Second, we tested whether ToM-related selectivity was associated with perceived understanding. Finally, as an exploratory analysis, we examined whether the interaction of ToM-related selectivity and perceived understanding predicted next-day well-being. Said otherwise, we tested whether engagement of the ToM network would influence whether the partner's perception of being understood impacted their subsequent well-being. This was tested with separate multilevel models that included as the predictors: (i) selectivity in a single ROI, (ii) perceived understanding during the encounter and (iii) the interaction between these terms. We used next-day well-being in order to evaluate the effect of perceived understanding, and its interaction with ToMrelated selectivity, on subsequent well-being. When a statistical interaction was present, simple slopes analysis was performed at high and low levels of ToM-related neural selectivity (61 s.d. of the mean) (Aiken and West, 1991) .
We conducted two sets of follow-up analyses. First, we evaluated whether the simple relation between ToM-related neural selectivity for partner and well-being was influenced by factors related to the relationship or nature of the encounter. This was tested with separate models that included as the predictors: (i) selectivity in a single ROI; (ii) a single variable previously shown to impact relationship outcomes or ToM in relationships-gender (Cohen et al., 2012) , relationship length (Thomas and Fletcher, 2003) , conflict/disagreement during the encounter (Gable et al., 2006) , or topic stress; and (iii) the interaction between these terms (e.g. ROI selectivity*relationship length). Second, we evaluated whether ToM-related neural selectivity for partner explained variance in well-being above and beyond the effect of perceived understanding, and in a separate model, general relationship satisfaction (RAS score). Next-day wellbeing was used in these models.
Variance inflation factors were inspected for all models with multiple predictors, and were in the acceptable range (1.00-1.50) indicating that multicollinearity was not a problem (Myers, 1990) . Predictor variables were grand-mean centered in models that included an interaction term.
Results fMRI task-behavioral results
Analysis of behavioral ratings during the fMRI task showed that the difference between how participant's rated their partner and how their partner rated themselves was minimal (Belief Statements Note: Voxel-level P < 0.001 FWE-corrected at the cluster-level to P < 0.05. Behavioral data from the daily diary Cronbach's alpha indicated excellent internal consistency for the well-being and perceived understanding constructs (Table 1) 
Analysis of fMRI and daily diary data
Does ToM-related neural selectivity predict partner well-being the day of and the day after a meaningful encounter?. Selectivity for belief vs physical information for one's partner in left TPJ (LTPJ) was positively associated with partner well-being the day of a meaningful encounter (b ¼ 0.21, SE ¼ 0.08, P ¼ 0.02) and the day after a meaningful encounter (b ¼ 0.24, SE ¼ 0.08, P ¼ 0.02) ( Figure  2) . Similarly, PC selectivity for belief vs physical information for one's partner predicted partner well-being at a trend level on the same-day of the encounter (b ¼ 0.16, SE ¼ 0.08, P ¼ 0.06) and significantly the day after the encounter (b ¼ 0.23, SE ¼ 0.08, P ¼ 0.02). These effects were not observed for the Friend condition: selectivity in LTPJ and PC when evaluating beliefs (vs physical information) about one's friend did not predict the partner's same-day or next-day well-being (Ps > 0.58; Figure 2 ). Finally, Partner-related selectivity for belief information in RTPJ and VMPFC was not associated with same-day or next-day wellbeing (Ps > 0.13; Figure 2) .
What is the relation between perceived understanding, ToM-related neural selectivity and well-being?. Behavioral studies have revealed that among romantic partners, increased perceived understanding is associated with positive outcomes, such as relationship satisfaction (Long and Andrews, 1990; Cramer and Jowett, 2010; Cohen et al., 2012) . We found that, similar to these other findings, perceived understanding was positively associated with same-day well-being (b ¼ 0.22, SE ¼ 0.04, P < 0.001) and next-day well-being at a trend level (b ¼ 0.10, SE ¼ 0.06, P ¼ 0.08).
One possibility is that ToM-related selectivity is associated with behaviors that affect how much the partner perceives the participant to understand them, which might explain why both factors are associated with well-being. We tested this idea with an additional model using ToM-related neural selectivity as the predictor variable and perceived understanding as the outcome variable. LTPJ selectivity did not predict perceived understanding (b ¼ 0.22, SE ¼ 0.17, P ¼ 0.23); PC selectivity predicted perceived understanding at only a trend level (b ¼ 0.33, SE ¼ 0.16, P ¼ 0.07). Thus, it seems as though ToM-related selectivity does not necessarily track with how much the partner perceives understanding from the participant.
Another possibility is that perceived understanding is most strongly associated with well-being under certain conditions. For example, given the positive association between ToMrelated selectivity and adaptive social behaviors, it is possible that perceived understanding maximally contributes to wellbeing when participants exhibit high neural selectivity for belief information. Thus, we conducted an exploratory analysis in which we tested whether well-being the day after an encounter was predicted by the interaction of LTPJ/PC selectivity and perceived understanding. Said otherwise, we tested whether the relation between perceived understanding and well-being depended on the selectivity of these brain regions. Consistent with this notion, we found that next-day well-being was predicted by the interaction of LTPJ and perceived understanding (interaction term b ¼ 0.15, SE ¼ 0.05, P ¼ 0.006). Simple slopes analysis revealed a positive relation between perceived understanding during the encounter and next day well-being in the case of high LTPJ selectivity (b ¼ 0.24, SE ¼ 0.07, P ¼ 0.001) (Figure 3) , and a non-significant negative relationship between perceived understanding during the encounter and next day well-being in the case of low LTPJ selectivity (b ¼À0.05, SE ¼ 0.07, P ¼ 0.47). 
Follow-up analyses
Given the complexity of interpersonal relationships, there are many factors outside of ToM-related neural selectivity that may impact a partner's well-being or alter the associations demonstrated above. Indeed, other research has demonstrated that factors including gender (Cohen et al., 2012) , relationship length (Thomas and Fletcher, 2003) and emotional valence of the encounter (Gable et al., 2006) are important in this regard. Thus, we conducted follow-up analyses to examine whether the relationship between ToM-related neural activity and well-being was influenced by these other factors. This was tested with models that separately evaluated whether same-day/next-day well-being was predicted by the interaction of neural selectivity in LTPJ/PC and gender, conflict/disagreement during the encounter, topic distress, or relationship length. Results showed that the associations between partner-related ToM activity in LTPJ/PC and same-day/next-day well-being did not differ by gender (interaction term Ps > 0.35) nor was it influenced by relationship length (interaction term Ps > 0.41), conflict/disagreement during the encounter (interaction term Ps > 0.07), or topic distress (interaction term Ps > 0.16).
We also investigated whether ToM-related neural selectivity accounted for variance in well-being above and beyond behavioral variables known to influence relationship quality and/or well-being: perceived understanding and general relationship satisfaction. This was tested in separate models that included as the predictors LTPJ or PC selectivity and perceived understanding or RAS score, and next-day well-being as the outcome variable. These models allowed us to investigate the unique effects of one variable (e.g. ToM-related selectivity) net of the effect of the other variable (e.g. perceived understanding). In the model that included LTPJ selectivity and perceived understanding, only LTPJ was significantly associated with well-being (b ¼ 0.22, SE ¼ 0.08, P ¼ 0.02); perceived understanding was not (b ¼ 0.09, SE ¼ 0.05, P ¼ 0.11). In the model that included LTPJ selectivity and relationship satisfaction, LTPJ selectivity was significantly associated with well-being (b ¼ 0.21, SE ¼ 0.08, P ¼ 0.03); relationship satisfaction was associated with wellbeing at only a trend level (b ¼ 0.07, SE ¼ 0.03, P ¼ 0.06). Similarly, in the model that included PC selectivity and perceived understanding, only PC selectivity was associated with well-being (b ¼ 0.20, SE ¼ 0.08, P ¼ 0.03); perceived understanding was not (b ¼ 0.07, SE ¼ 0.06, P ¼ 0.20). In the model that included PC selectivity and general relationship satisfaction, both factors significantly accounted for variance in well-being (PC: b ¼ 0.21, SE ¼ 0.08, P ¼ 0.02; relationship satisfaction: b ¼ 0.08, SE ¼ 0.03, P ¼ 0.04). Thus, ToM-related neural selectivity in LTPJ and PC appeared to account for variance in well-being even after controlling for the effects of perceived understanding and relationship satisfaction.
Finally, we conducted an additional analysis to evaluate how partner-related ToM activity in LTPJ and PC may translate to increased partner well-being. Although ToM-related selectivity does not appear to be related to perceived understanding, one possibility is that selectivity in these regions tracks with objective understanding of the partner's mental states, which in turn may influence partner well-being. We tested this idea by evaluating whether selectivity for one's partner in LTPJ and PC was associated with belief accuracy on the scanner task. We found that neither LTPJ nor PC selectivity was associated with accuracy in inferring partner beliefs during the fMRI task (LTPJ: r ¼ 0.27, P ¼ 0.23; PC: r ¼ 0.04, P ¼ 0.84).
Discussion
We find that the extent of neural selectivity for belief vs physical information in LTPJ and PC when thinking about one's partner positively predicted the partner's well-being the day of and day after a meaningful encounter. These associations were revealed only when using relationship-specific personalized D. at Harvard Library on January 27, 2016 http://scan.oxfordjournals.org/ stimuli (i.e. Partner statements, but not Friend statements) in which the elicited neural response was consistent with the reallife behavioral context in which that neural response might occur. Follow-up analyses revealed that the relation between ToM-related activity and partner well-being did not differ by gender, nor was it affected by relationship length or by the nature of the encounter (i.e. topic distress, conflict/disagreement). Furthermore, LTPJ and PC selectivity accounted for variance in partner well-being above and beyond the effect of other factors including the extent to which the partner felt understood during the encounter and general relationship satisfaction.
In addition, the association between the perception of being understood by the partner and their well-being the day after an encounter depended on the extent of the participant's LTPJ and PC selectivity. Specifically, we observed a positive association between partner-perceived understanding and partner wellbeing only in the case of high neural selectivity. That is, greater perception of being understood by the partner was associated with greater reports of their subsequent well-being only when participants demonstrate greater recruitment of LTPJ and PC for their partner's belief vs physical attributes. No relation was observed between perceived understanding and subsequent well-being in the case of low neural selectivity.
Taken together, we interpret these findings to mean that individuals who exhibit greater selective engagement of LTPJ and PC when thinking about their partner's beliefs vs physical attributes are able to enact more adaptive interpersonal processes or strategies in the context of meaningful interpersonal interactions that would benefit from ToM-related processes. These processes may include perspective-taking, empathy and acting altruistically-abilities which have previously been shown to correlate with neural selectivity in ToM-related regions (Hooker et al., 2008 (Hooker et al., , 2010 Masten et al., 2011; Rameson et al., 2012; Waytz et al., 2012; Dodell-Feder et al., 2014a,b) -and other important processes for social functioning that may include validation and demonstrations of social support. This in turn may contribute to increased feelings of being understood, and subsequent social connection and reward-an association demonstrated in prior neuroimaging work (Morelli et al., 2014) -which carries concomitant effects for well-being on the part of the recipient.
Interestingly, despite how much the partner perceives the participant to understand their thoughts and feelings in the moment, our findings suggest that only individuals who exhibit high selective engagement of LTPJ and PC for belief information during the scanner task, and possibly during meaningful encounters, may deploy strategies that have positive, measurable and longer-lasting consequences for their partner. Individuals who fail to recruit these regions or do so less selectively are presumably using a different strategy during meaningful encounters with their partner that may not involve perspective-taking, empathy or other processes that are associated with activity in the ToM network. And, even though the partner may perceive understanding from the participant in the moment, whatever strategy or interpersonal process being used fails to carry more enduring positive benefits for the partner. This would suggest that a key ingredient to interactions that have positive outcomes for one's partner involves the selective engagement of the ToM network for belief information.
Nevertheless, our findings do not directly speak to how partner-related ToM activity in LTPJ or PC translates to social behavior and positive partner outcomes. Based on prior neuroimaging work (e.g. Dodell-Feder et al., 2014a), we have speculated above that individuals who selectively engage these regions during interpersonal encounters are more likely or able to engage in accurate mental state attribution, and use that information to enact adaptive social behavior (e.g. empathy, validation, social support). This notion should be considered within the context of several limitations. For one, these data are correlational preventing us from making strong claims about the effect of selectivity of the ToM network on positive relationship outcomes. Additionally, there exists a potential discrepancy between neural processes and behavioral performance in the scanner vs in vivo social interaction. Said otherwise, our scanner measures of ToM-related processes (neural and behavioral) may be a poor proxy for how or whether these processes occur during actual meaningful encounters such as those reported in the daily diary. Though we have shown that the relation between LTPJ/ PC and well-being does not appear to be influenced by variables related to the encounter (e.g. topic distress, conflict/disagreement) or relationship (e.g. satisfaction, length), other factors not measured here, related to the encounter or the participants, may alter how or whether these brain regions are recruited during encounters. In a similar vein, even if the neural processes isolated here did approximate what occurs during actual social encounters, with the current data, we cannot say with certainty what processes or behaviors (e.g. perspective-taking, prosocial acts) accompany ToM-related selectivity. We addressed one possibility for how selectivity for partner-related belief vs physical states may translate to improved well-being, namely through increased belief accuracy as measured on the scanner task. However, we failed to find a relation between LTPJ or PC selectivity and belief accuracy. As discussed, it is possible that behavioral performance on the fMRI task is a poor proxy for accuracy in inferring one's partner's mental states in the context of in vivo social interaction. Our measure also assumes that the partner is highly insightful and can accurately report on his/her belief states, which may not be the case. Another possibility is that our neural measure may instead reflect the tendency to spontaneously process belief information, as opposed to the accuracy of the inference. Indeed, prior fMRI research has also implicated LTPJ and PC in the spontaneous consideration of mental states across a variety of paradigms including those involving passive viewing of ambiguous animations (Schurz et al., 2014) and moral judgment (Bzdok et al., 2012) .
It also remains unclear as to why only LTPJ and PC, but not other ToM-related regions, showed a relation with well-being. Though recent meta-analytic data implicate LTPJ and PC as part of a core network of regions, including RTPJ and MPFC, that are reliably activated during ToM across tasks and stimulus presentation modality (Schurz et al., 2014) , findings from prior neuroimaging work has suggested specialization of function among these regions (Perner et al., 2006; Saxe and Powell, 2006; Van Overwalle, 2009; Schurz et al., 2013) . As argued and demonstrated by others, ToM is complex construct, reliant upon multiple component and complimentary cognitive processes that are implemented in different brain regions and subnetworks (Schaafsma et al., 2014; Spunt and Adolphs, 2014) . The mapping of LTPJ, PC and other regions that underlie ToM to the specific cognitive processes and social behaviors they support, however, remains to be elucidated.
We note that strong conclusions about the differences in the predictive power of Partner-vs Friend-related ToM, and LTPJ/PC vs other regions in the network, however, cannot be made. We did not observe any neural differences between Partner-and Friend-related ToM in the whole-brain analyses suggesting that a similar network is recruited when thinking about the mental states of two very close others. Other research suggests that aspects of the ToM network including LTPJ and MPFC are indeed sensitive to the target, for example, the target's closeness/perceived similarity to the participant (Mitchell et al., 2005; Saxe and Wexler, 2005; Mitchell et al., 2006) , social relevance (Krienen et al., 2010) , or the participant's idiosyncratic knowledge of a target (Welborn and Lieberman, 2014) . The high degree of closeness, relevance and knowledge that participant's theoretically had of their romantic partners and close friends may account for the lack of neural differences. However, this finding does not preclude the existence of important neural differences among the ROIs in how they process belief information about romantic partners vs close friends, and more sensitive analyses such as multi-voxel pattern analyses, may reveal such differences. Examination of the large and overlapping confidence intervals on the estimates of the relation between brain and well-being also suggests that the effect of different ROIs on partner wellbeing may not be significantly different. The same is true for Partner-vs Friend-related ToM. We would hypothesize that a similar relation between ToM-related activity and well-being would exist for close friends had we measured the friend's wellbeing; however, additional data would be needed to evaluate this idea.
The findings of the current study may carry implications for clinical science. Many forms of psychopathology, namely schizophrenia and autism spectrum disorders, are associated with marked deficits in social ability (Chung et al., 2013; Savla et al., 2013) , including the ability to form and maintain social relationships (American Psychiatric Association, 2013). Taken with other findings (Hooker et al., 2011; Lombardo et al., 2011; Dodell-Feder et al., 2014a,b) , the link between selective engagement of aspects of the ToM network and positive partner outcomes demonstrated here suggests that the pathophysiology of social dysfunction may be linked, in part, with disruption to the ToM network. If so, the ToM network would represent a neurobiological target for intervention.
Taken together, the current findings highlight the importance of the neurocognitive system supporting ToM in relation to positive outcomes in romantic relationships. Overall, these findings suggest that individuals who engage aspects of the neural network supporting ToM may enact more adaptive social behavior that have measurable real-world consequences for their partner, underscoring the positive benefits of interacting with individuals who engage in ToM.
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